Intracellular accumulation of amino acids increases synaptic potentials in rat hippocampal slices.
The application of high concentrations of taurine induces long-lasting potentiation of synaptic responses and axon excitability. This phenomenon seems to require the contribution of a transport system with a low affinity for taurine. The prototypic taurine transporter TauT (SLC6A6) was discarded by experimental evidence obtained in TauT-KO mice. The purpose of the present study was to determine whether the proton-coupled amino acid transporter 1 (PAT1; SLC36A1) which is a transport system with low affinity and high capacity for a great variety of amino acids including taurine, contributes to the taurine-induced synaptic potentiation. In rat hippocampal slices, the application of several amino acids (L- and D-alanine, L-glutamine, β-guanidinopropionic acid, glycine, L-histidine, L- and D-serine, sarcosine, L- and D-threonine) imitated the synaptic potentiation induced by taurine. The magnitude of the potentiation caused by some of these amino acids was even greater than that induced by taurine. By contrast, the application of other amino acids (L-arginine, betaine, L-leucine, L-methionine, L- and D-proline, and L-valine) did not induce potentiation. The behaviour of these different amino acids on synaptic potentiation is not compatible with a role of PAT1 in synaptic potentiation. There was a positive correlation between the accumulation of the different amino acids in the slice and the magnitude of synaptic potentiation induced by them. Some of the amino acids inducing synaptic potentiation, like taurine and L-threonine, also increased electrical resistance of the slice, whereas L-leucine did not modify this parameter. Modifications induced by either taurine or L-threonine in synaptic potentiation, slice resistance and amino acid accumulation were dependent on extracellular chloride concentration. These findings support the idea that the accumulation of amino acids throughout the action of transporters causes cell swelling enhancing the electrical resistance of the slice, which by itself could be sufficient to increase field synaptic potentials.